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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] This invention relates to a transmissive display 
device with an active matrix structure, having a driving 
substrate, a counter substrate, and liquid crystal held 
therebetween. In particular, this invention relates to a 
so-called on-chip black structure in which there is 
formed a black matrix for shielding light, as well as pixel 
electrodes and switching devices, on a driving sub- 
strate. 

Description of the Related Art 

[0002] Liquid crystal display devices are widely used 
in televisions, graphic displays, and so forth. Among 
them, in particular, an active-matrix type liquid crystal 
display apparatus has high speed responsibility and is 
suitable for having an increased number of pixels, and 
has been anticipated and researched in order to realize 
enhanced quality of a display screen, an enlarged size 
of the screen, a multi-colored display, and so on, and as 
a result, there already has been achieved a practical ex- 
ample. As shown in Fig. 5, this active matrix type liquid 
crystal display apparatus has a driving substrate on 
which a scanning bus line pattern and a signal bus line 
pattern are formed perpendicular to each other. Switch- 
ing devices 1 02 and pixel electrodes 1 03 are formed re- 
spectively at points where both patterns intersect with 
each other. On the other hand, on a counter substrate 
1 04, there is ordinarily formed a black matrix 1 06 as well 
as a counter electrode 105. This black matrix shields 
incident light from the counter substrate 104 to prevent 
switching devices 102 from malfunctioning due to pho- 
toelectric currents, while the matrix shields leaked rays 
passing between the pixel electrodes 103 arranged in a 
matrix to prevent deterioration of contrast. Between the 
driving substrate 1 01 and the counter substrate 1 04, liq- 
uid crystal is provided. However, providing the black ma- 
trix 1 06 on the counter substrate 1 04 requires fine align- 
ment with the driving substrate 1 01 , which thus creates 
difficulties in assembly. As a countermeasure against 
such a difference in alignment, a method is generally 
used wherein a black matrix is provided so as to overlap 
to some extent with the respective pixel electrodes 103. 
With this method, it is possible to reduce an alignment 
error caused by putting together the driving substrate 
101 and the counter substrate 101, to the size of an 
overlapping part. However, providing an overlapping 
part causes a reduction of the aperture area of the black 
matrix 1 06 with respect to the pixel electrode 1 03 by the 
amount of such overlap, so that the aperture ratio dete- 
riorates and reduces the brightness of the pixel. The 
black matrix 1 06 is formed of, e.g., a metallic layer with 
light-shielding properties, and to some extent reflects in- 



cident light. The reflected light is repeatedly reflected on 
the counter substrate 104 and so forth, a part of which 
travels into the liquid crystal 107. 
[0003] As described above, a black matrix provided 

5 on a counter electrode causes a problem in that a dif- 
ference in alignment occurs when a driving substrate 
and a counter substrate are joined together. To this end, 
there has been proposed a so-called on-chip black 
structure formed by providing the black matrix on the 

10 driving substrate. On the same substrate, it is possible 
to realize alignment precision between a pixel electrode 
and a black matrix, up to approximately 1 |nm. Such an 
on-chip black structure is disclosed in, e.g., Japanese 
Patent Laid-Open Publication No. 5-181159, which is 

15 schematically shown in Fig. 6. Parts that correspond to 
those in an embodiment shown in Fig. 5 are denoted by 
the corresponding reference numerals, so as to be read- 
ily understood. However, since the on-chip structure has 
a black matrix 1 06 formed by, e.g., a metallic layer, and 

20 provided on a matrix array substrate 101, and has no 
light-shielding layer on a counter substrate 104, a prob- 
lem arises such that multiple reflection occurs, so that 
contrast deteriorates. As described above, since the 
black matrix 106 is formed by a metallic layer, it reflects 

25 incident light at a certain ratio. A reflection layer provid- 
ed on the matrix array 1 01 creates light components that 
are repeatedly reflected in liquid crystal 107. The multi- 
ple reflection light in the liquid crystal 1 07 has a different 
polarization plane from normal light passing through the 

30 liquid crystal only once, and as a result, even in the case 
of displaying black, leaked rays appear, so that contrast 
deteriorates. In particular, in a region in which there is a 
reverse tilt domain caused by a lateral electric field, mul- 
tiple reflection causes a great amount of leaked rays. 

35 Multiple reflection occurs in connection with not only in- 
cident light from the counter substrate 1 04 but also from 
incident light from the matrix array 101, which thus af- 
fects contrast. 

[0004] The transmissive display device of JP-A 
40 05-181159 does not use an overlaid structure as in the 
characterising portion of Claim 1 , but it discloses all the 
features which are included in the pre-characterising 
portion of Claim 1 . EP-A-0 569 601 contains a prior dis- 
closure of another display device with a black matrix. It 
45 does, however, not disclose a first and a second layer 
which feature a "reflectance" as in Claim 1 , but it shows 
that it was known that a metallic layer such as titanium 
or aluminium may be used for a black matrix. 

50 SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide 
a transmissive display device, having an active matrix 
structure, suitable for preventing contrast deterioration 
55 caused by multiple reflection in the liquid crystal. 

[0006] To this end, according to the present invention, 
there is provided a transmissive display device compris- 
ing: a first transparent substrate disposed on the inci- 
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dent side for receiving incident light and having a coun- 
ter electrode; a second transparent substrate having 
pixels formed in a matrix and a black matrix for shielding, 
from the incident side, light from reaching the non-aper- 
ture parts of the pixels; and an electro-optical material 
provided between the first and second transparent sub- 
strates, the respective pixels each including a pixel elec- 
trode and a switching device, and the black matrix hav- 
ing an overlaid structure formed by overlaying a first re- 
flection metallic layer with first reflectance and a second 
reflection metallic layer with second reflectance higher 
than the first reflectance, with an insulating film provided 
therebetween, both of which are formed such that they 
are patterned and partially overlap with each other as 
mutually complement to shield the incident light. 
[0007] Preferably, the first reflection metallic layer is 
positioned closer to the incident side than the second 
reflection metallic layer, and the pattern of the first re- 
flection metallic layer is extended over the pattern of the 
second reflection metallic layer. 

[0008] The first reflection metallic layer may include a 
light-shielding pattern positioned along the row direction 
of the pixels arranged in a matrix, while the second re- 
flection metallic layer may include a wiring pattern posi- 
tioned along the column direction. 
[0009] It is preferred that the first reflection metallic 
layer includes an extended light-shielding pattern hav- 
ing a floating potential, separated and isolated from the 
light-shielding pattern whose potential is fixed, and the 
extended light-shielding pattern is positioned above the 
wiring pattern. 

[0010] It is preferred that the second reflection metal- 
lic layer is positioned closer to the incident side than the 
first reflection metallic layer, and the pattern of the sec- 
ond reflection metallic layer, overlaid on the pattern of 
the first reflection metallic layer, is selectively removed. 
[0011] The electro-optical material may comprise a 
liquid crystal. 

[0012] The switching device may comprise a thin film 
transistor. 

[001 3] The first reflection metallic layer may comprise 
Ti. 

[0014] The second reflection metallic layer may com- 
prise Al. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Fig. 1 A is a partially sectional schematic view 
illustrating a transmissive display device in accordance 
with an embodiment of the present invention. 
[0016] Fig. 1B is a schematic partial plan view illus- 
trating the transmissive display device in accordance 
with the embodiment of the present invention. 
[0017] Fig. 2A is a partially sectional view illustrating 
a modification of the embodiment shown in Figs. 1 A and 
1B. 

[0018] Fig. 2B is a partial plan view illustrating the 
modification of the embodiment shown in Figs. 1 A and 



1B. 

[0019] Fig. 3A is a partially sectional view illustrating 
another modification of the embodiment shown in Figs. 
1A and 1B. 

5 [0020] Fig. 3B is a partial plan view illustrating another 
modification of the embodiment shown in Fig. 3A. 
[0021] Fig. 4 is a partially sectional view illustrating a 
further modification of the embodiment shown in Figs. 
1A and 1B. 

[0022] Fig. 5 is a partially sectional view illustrating an 
embodiment of a transmissive display device. 
[0023] Fig. 6 is a partially sectional view illustrating an 
embodiment of a transmissive display device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] An embodiment of a transmissive display de- 
vice in accordance with the present invention will be de- 
scribed below. 

[0025] By referring to Fig. 1 A, there is shown a sche- 
matic sectional structure of the transmissive display de- 
vice. The transmissive display device has a panel struc- 
ture having a pair of transparent substrates joined to- 
gether over a predetermined distance with an electro- 
optical material provided therebetween. In this embod- 
iment, the pair of transparent substrates includes a ma- 
trix array substrate 1 and a counter substrate 2, between 
which liquid crystal 3 is provided as the electro-optical 
material. The counter substrate 2 is positioned on the 
incident side, and has at least a counter electrode 5. The 
driving substrate 1 positioned on the emergent side has 
a group of pixels 4 each having, as a constituent unit, a 
pixel electrode 6 and a switching device 7, and has a 
black matrix which shields light, from the incident side, 
from reaching the non-aperture parts of the respective 
pixels. To simplify illustration, only one pixel 4 is shown. 
[0026] The black matrix includes an overlaid structure 
in which a low-reflection metallic layer with relatively low 
reflectance (16M, 16P) is laid over a high-reflectance 
metallic layer with relatively high reflectance (9, 11, 12) 
with an interlayer insulating film 17 spaced therebe- 
tween. Both layers are patterned, and partially overlap 
with each other as mutually complement to shield inci- 
dent light. When observed in plan view from the incident 
side, the exposing area of the low-reflection metallic lay- 
er (16M, 16P) is enlarged, while the exposing area of 
the high-reflection layer (9, 11, 12) is reduced, so that 
the surface reflection on the black matrix is reduced. The 
black matrix is formed such that the low-reflection me- 
tallic layer (1 6M, 1 6P) is positioned closer to the incident 
side than the high-reflection layer (9, 11, 12), thus, the 
pattern of the former is extended over the pattern of the 
latter, thereby reducing the surface reflection on the 
black matrix. The low-reflection metallic layer (16M, 
1 6P) is made from, e.g., Ti, the thickness of which is set 
to 250 nm. In this case, the low-reflection metallic layer 
has an optical density of approximately 4, and thus has 
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an extremely great light-shielding properties, and a re- 
flectance of approximately 25%. On the other hand, the 
high-reflection layer (9, 11, 12) is made from, e.g., Al, 
the thickness of which is approximately 600 nm. The 
high-reflection layer has an optical density of about 
slightly less than 5, and thus has extremely great light- 
shielding properties. Further, its reflectance is approxi- 
mately 95%. Within the transmissive range of the effects 
of capacitive coupling between the high-reflection me- 
tallic layer made from Al and the low-reflection metallic 
layer made from Ti, the high-reflection metallic layer (Ti) 
may be provided above the low-reflection metallic layer 
(Al). 

[0027] This arrangement of both layers enables the 
surface reflectance of the driving substrate 1 to be re- 
duced to realize, e.g., a contrast of not less than 150. 
An arrangement which does not use such a counter- 
measure results in a contrast of not more than 100. As 
materials for the metallic layers forming the black matrix 
it is possible to use ordinary wiring materials such as Ti, 
Cr, Mo, Ta, W, Al, Cu, TiN, and CrO. 
[0028] As shown in Fig. 1 B, the low-reflection metallic 
layer includes a light-shielding masking pattern 16M 
provided along the row direction of the pixel electrodes 
arranged in a matrix, while the high-reflection metallic 
layer includes a signal bus line pattern 9 provided along 
the column direction of the pixel electrodes. The light- 
shielding masking pattern 16M and the signal bus line 
pattern 9 complement each other to form a grid-shaped 
black matrix. The low-reflection metallic layer includes 
not only the light-shielding masking pattern 1 6M provid- 
ed along the row direction but also an extended light- 
shielding pattern 16F which is continuous therefrom. 
This extended light-shielding pattern 16F is provided 
above the signal bus line pattern 9 provided along the 
column direction. Therefore, the surface reflectance of 
the black matrix can be reduced. 
[0029] By referring further to Fig. 1A, the detailed 
structure of the driving substrate 1 will be described be- 
low. 

[0030] The driving substrate 1 is formed so as to be 
separated into an upper layer, an intermediate layer, and 
a lower layer. The upper layer includes the pixel elec- 
trodes 6 formed for the respective pixel 4. The lower lay- 
er includes the switching devices 7 for enabling the pixel 
electrodes 6 to be operational, a scanning bus line pat- 
tern (not shown) for scanning the rows of thin film tran- 
sistors corresponding to the respective rows of the pix- 
els 4, and the signal bus line pattern 9 for supplying pre- 
determined image signals to the columns of the switch- 
ing devices 7 corresponding to the respective columns 
of the pixels 4. The switching device 7 is made from a 
thin film transistor having, as an active layer, a semicon- 
ductor film 1 0 made from polycrystal silicon, with a gate 
insulating film G formed in a pattern on a gate insulating 
film thereon. The gate insulating electrode G is contin- 
uous to the scanning bus line pattern. The thin film tran- 
sistor has a source region S and a drain region D on 



both sides of a gate electrode G. The source region S 
is connected to a lead electrode 11 so as to be contin- 
uous to the signal bus line pattern 9. The drain region D 
is connected to the other lead electrode 12. The lead 

5 electrodes 11 and 12, and the signal bus line pattern 9 
form the lower low-reflectance metallic layer. The sem- 
iconductor film 10 has an auxiliary capacitor 13 formed 
thereon as well as the thin film transistor. This auxiliary 
capacitor 13 utilizes the semiconductor film 10 for an 

10 electrode, and an auxiliary wiring pattern 14 for the other 
electrode. Between both electrodes, the gate insulating 
film, and a dielectric film that is included in the same 
layer as the former, are provided. The gate electrode G, 
the scanning wiring, and the auxiliary wiring 14 are in- 

15 eluded in the same layer, and are electrically insulated 
by a first interlayer insulating film 15 from the lead elec- 
trodes 11 and 12. 

[0031] In the intermediate layer between the upper 
and lower layers, the high-reflectance metallic layer is 

20 provided. The high-reflectance metallic layer is separat- 
ed into the light-shielding masking pattern 16M and the 
light-shielding pad pattern 16P. The light-shielding 
masking pattern 16M is continuously patterned along 
the row direction of the pixels, which at least partially 

25 shields light from reaching the switching device 7. The 
light-shielding masking pattern 16M is sandwiched be- 
tween a second interlayer insulating film 17 and a flat- 
tening film 1 8, and is insulated from the lower and upper 
layers. The light-shielding masking pattern 16M has its 

30 potential set to fixed potential. This fixed potential is 
equal to, e.g., the potential of the counter electrode 5. 
On the other hand, the light-shielding pad pattern 16P 
is discretely patterned corresponding to the respective 
pixels 4. The light-shielding pad pattern 1 6P is provided 

35 in a contact C positioned between both the pixel elec- 
trode 6 and the switching device 7 corresponding there- 
to, and functions as an electrical contact and as a light 
shield. In other words, the light-shielding pad pattern 
16P is sandwiched between the pixel electrode 6 and 

40 the lead electrode 1 2, and enables better electrical con- 
tact between the electrodes. The lead electrode 12 is 
included in the same layer as the signal bus line pattern 
9, as described above, and is directly and electrically 
connected to the drain region D of the thin film transistor. 

45 The lead electrode 1 2 shields light passing between the 
light-shielding pad pattern 16P and the light-shielding 
masking pattern 16M, both of which are included in the 
high-reflection metallic layer forming the black matrix, 
which have light-shielding properties, and are separated 

50 from each other. 

[0032] By referring to Fig. 1B, the detailed structure 
will be further described. 

[0033] The light-shielding masking pattern 16M is 
formed in parallel to the scanning bus line pattern 8. Ac- 
55 cordingly, the light-shielding masking pattern 1 6M is po- 
sitioned perpendicular to the signal bus line pattern 9 
having light-shielding properties, so that the grid- 
shaped black matrix is formed. The black matrix shields 
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light from reaching the periphery of each pixel electrode 
6 to define the aperture of each pixel. The thin film tran- 
sistor has the lead electrode 12 which is included in the 
same layer as the signal bus line pattern 9, and is in 
direct contact with the drain region D. The lead electrode 
12 is electrically connected with the pixel electrode 6 
which is upwardly positioned, through the light-shielding 
pad pattern 16P. In other words, the light-shielding pad 
pattern 16P is provided in the contact C between the 
pixel electrode 6 and the thin film transistor. The lead 
electrode 12 also has light-shielding properties, and 
thus shields light passing between the light-shielding 
masking pattern 1 6M and the light-shielding pad pattern 
1 6P. The auxiliary wiring pattern 1 4 shown in Fig. 1 A is 
formed in parallel to the scanning-wiring pattern 8. The 
auxiliary wiring pattern 1 4 is partially laid above the sem- 
iconductor film 1 0, so that the above-described auxiliary 
capacitor is formed. 

[0034] As described above, the light-shielding pat- 
terns 1 6M and 1 6P are formed above the switching de- 
vice 7, the signal-wiring pattern 9, the scanning bus line 
pattern 8, and so forth, and are formed below the pixel 
electrode 6. The light-shielding masking pattern 16M is 
insulated from any of the signal bus line pattern 9, the 
scanning bus line pattern 8, and the pixel electrode 6, 
so that light reaching a region that must be masked is 
totally shielded by the smallest area. Therefore, it is pos- 
sible to completely shield light from reaching a display 
region, only on the driving substrate 1 , and thus to max- 
imize transmittance of light of an active matrix-type dis- 
play apparatus. Further, on the counter substrate 2, only 
the counter electrode 5 needs to be formed, so that 
costs of materials and assembly can be reduced. The 
potential of the light-shielding masking pattern 16M is 
set to a fixed potential, and thus functions as a shield 
with respect to each pixel electrode 6. On the other 
hand, the light-shielding pad pattern 1 6P is sandwiched 
between the pixel electrode 6 and the lead electrode 1 2, 
and enables better electrical contact between both elec- 
trodes. Further, one of features of the present invention 
is that the extended light-shielding pattern 16F is pro- 
vided along the column direction, extended from the 
light-shielding pattern 1 6M in order to cover the signal- 
wiring pattern 9 which is downward positioned. As de- 
scribed above, the extended light-shielding pattern 16F 
is made from the low-reflection metallic layer, while the 
signal bus line pattern 9 is made from the high-reflect- 
ance metallic layer. Covering the signal bus line pattern 
9 with the extended light-shielding pattern 1 6F enables 
the reduction of the surface reflection of the whole black 
matrix, thereby reducing contrast deterioration caused 
by multiple reflection inside the liquid crystal 3. 
[0035] By referring further to Figs. 1 A and 1 B, a meth- 
od of producing the transmissive display device in ac- 
cordance with the present invention will be described. 
[0036] The driving substrate 1 is made from glass, 
quartz, or the like, on which the semiconductor film 10 
is formed by using reduced-pressure chemical vapor 



deposition techniques. The semiconductor film 10 is 
made from deposited polycrystal silicon having a thick- 
ness of approximately 50 nm, and is used as an active 
layer of thin film transistor. After the semiconductor film 

5 10 is formed, it is patterned in the form of an island. On 
the semiconductor film 10, a gate insulating film made 
from, e.g., Si0 2 is formed. In this case, as a material for 
the semiconductor film 1 0, amorphous silicon or the like 
may be used, in addition to polycrystal silicon. Also, as 

10 a material for the gate insulating film, SiN, tantalum ox- 
ide, or a laminate layer of these materials may be used, 
in addition to Si0 2 . 

[0037] Subsequently, on the driving substrate 1, the 
scanning-wiring pattern 8, the gate electrode G, the aux- 

15 iliary wiring pattern 14, and so forth are simultaneously 
formed. For example, after polycrystal silicon is depos- 
ited to a thickness of 350 nm by using reduced-pressure 
chemical vapor deposition techniques, the deposited 
layer is doped with impurities in order to reduce its re- 

20 sistance, and the resulting layer is patterned in a prede- 
termined form. As materials for the scanning bus line 
pattern 8, the gate electrode G, and the auxiliary wiring 
pattern 14, it is possible to use metals such as Ta, Mo, 
Al, Cr, and their silicides and polycides. Such a manner 

25 forms the thin film transistor comprising the semicon- 
ductorfilm 1 0, the gate insulating film, and the gate elec- 
trode G. In this embodiment, the thin film transistor is a 
planar type, however a normal stagger type or an in- 
verse stagger type may be used. On the semiconductor 

30 film 10, the auxiliary capacitor 13 is simultaneously 
formed. 

[0038] Subsequently, by using atmospheric chemical 
vapor deposition techniques, PSG (phospho-silicate 
glass), and so forth are deposited at a thickness of ap- 

35 proximately 600 nm in order to form the first interlayer 
insulating film 15. The first interlayer insulating film 15 
covers the scanning-wiring pattern 8, the gate electrode 
G, the auxiliary wiring pattern 14, and so forth. In the 
first interlayer insulating film 1 5, there is provided a con- 

40 tact hole reaching the source region S and the drain re- 
gion D of the thin film transistor. On the first interlayer 
insulating film 1 5, there are provided, in the form of pat- 
terns, the signal bus line pattern 9, and the lead elec- 
trodes 11 and 12, as the high-reflection metallic layer 

45 positioned downward which forms the black matrix. For 
example, the high-reflection metallic layer is formed by 
depositing aluminum at a thickness of approximately 
600 nm with sputtering techniques. This high-reflection 
metallic layer is patterned in a predetermined form in 

50 order to form the signal bus line pattern 9 and the lead 
electrodes 11 and 12. On the one hand, the lead elec- 
trode 11 is connected to the source region S of the thin 
film transistor through the contact hole, on the other 
hand, the lead electrode 12 is connected to the drain 

55 region D of the thin film transistor. 

[0039] On the signal bus line pattern 9 and the lead 
electrodes 11 and 12, the second interlayer insulating 
film 1 7 is formed to coat them. For example, the second 
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interlayer insulating film 1 7 is formed by depositing PSG 
to a thickness of approximately 600 nm with atmospher- 
ic chemical vapor deposition techniques. In this second 
interlayer insulating film 17, there is provided a contact 
hole C reaching the lead electrode 12. On the second 
interlayer insulating film 1 7, there are provided the light- 
shielding masking pattern 16M, the light-shielding pad 
pattern 16P, and the extended light-shielding pattern 
16F, as the low-reflection metallic layer positioned up- 
ward which forms the black matrix. For example, the 
low-reflection metallic layer is formed by depositing Ti 
to a thickness of approximately 250 nm with sputtering 
techniques. This low-reflection metallic layer is pat- 
terned to form the light-shielding masking pattern 16M, 
the light-shielding pad pattern 16P, and the extended 
light-shielding pattern 16F. The light-shielding masking 
pattern 16M is in contact with a region outside the dis- 
play pixel at the fixed potential. On the other hand, the 
light-shielding pad pattern 1 6P is in contact with the lead 
electrode 1 2 through the contact hole C. Further, the ex- 
tended light-shielding pattern 1 6F is provided as extend- 
ed from the light-shielding masking pattern 16M, thus 
covers the signal bus line pattern 9 positioned down- 
ward. In this embodiment, the light-shielding masking 
pattern 16M and the extended light-shielding pattern 
16F are connected with each other over all the display 
pixel regions. 

[0040] The flattening film 1 8 is formed so as to cover 
the light-shielding masking pattern 1 6M, the light-shield- 
ing pad pattern 16P, and the extended light-shielding 
pattern 16F. In this flattening film 18, there is provided 
a contact hole reaching the light-shielding pad pattern 
16P. On the flattening film 18, the pixel electrode 6 is 
formed. For example, a transparent conductive layer 
made from, e.g., indium tin oxide is formed at a thick- 
ness of approximately 150 nm by using sputtering tech- 
niques, and is patterned in a predetermined form to form 
the pixel electrode 6. Subsequently, the counter sub- 
strate 2 on which the counter electrode 5 is wholly 
formed, which is made from, e.g., glass, is joined to the 
driving substrate 1 . Between both electrodes 1 and 2, 
the liquid crystal 3 is put into. This liquid crystal 3 has, 
e.g., twisted nematic orientation. 
[0041 ] By referring to Figs. 2A and 2B, there is shown 
a modification of the embodiment shown in Figs. 1 A and 
1B. This modification basically has the same structure, 
and the corresponding parts are denoted by the corre- 
sponding reference numerals so as to be readily under- 
stood. The difference is that an extended light-shielding 
pattern 1 6F is separated from a light-shielding masking 
pattern 16M whose potential is fixed, and has floating 
potential. As described above, this extended light- 
shielding pattern 16F is positioned above a signal bus 
line pattern 9. In this embodiment, in order to suppress 
an increase in the load capacitance of the signal bus 
line pattern 9, the extended light-shielding pattern 16F 
positioned above the signal-wiring pattern 9 is separat- 
ed to be in a floating condition. 



[0042] By referring to Figs. 3A and 3B, there is shown 
another modification of the embodiment shown in Figs. 
1A and 1B. This modification basically has the same 
structures, and the corresponding parts are denoted by 

5 the corresponding reference numerals so as to be read- 
ily understood. The difference is that a high-reflection 
metallic layer positioned upward has only a single light- 
shielding pattern 16. A pixel electrode 6 is electrically 
connected to a drain region D of a thin film transistor 

10 forming a switching device 7 through this light-shielding 
pattern 16. Accordingly, the light-shielding pattern 16 
has the same potential as the pixel electrode 6. Since 
there is such a relation, the light-shielding pattern 16 is 
separated corresponding to the respective pixels. In oth- 

15 er words, it may be the that the light-shielding pad pat- 
tern 16P shown in Fig. 1 is extended to become this 
light-shielding pattern 16. The light-shielding pattern 16 
has an extender that is provided on a signal bus line 
pattern 9. According to the circumstances, this extender 

20 may be separated to be in a floating condition, similar 
to the example shown in Fig. 2. 

[0043] By referring to Fig. 4, there is shown further 
another modification of the embodiment shown in Fig. 
1 . The difference is that a bottom-gate type thin film tran- 

25 sistor is used for the top-gate type thin film transistor, as 
a switching device 7. In other words, on a driving sub- 
strate 1 , a gate electrode G is formed in a pattern, which 
is covered with a gate insulating film 20. On this gate 
insulating film 20, there is provided a semiconductor film 

30 1 o which is patterned in the form of an island. The bot- 
tom-gate type thin film transistor with such a configura- 
tion has a source region S connected to a signal bus 
line pattern 9 through a doped silicon 1 1 S. Also, its drain 
region D is connected to a lead electrode 12 likewisely 

35 through a doped silicon 12D. The other end of this lead 
electrode 12 is connected to a pixel electrode 6. The 
signal bus line pattern 9 and the lead electrode 12 are 
electrically separated to each other by an etching stop- 
per 21 . The signal bus line pattern 9 and the lead elec- 

40 trode 12 are covered with an interlayer insulating film 
17, on which a light-shielding pattern 16 is formed in a 
pattern. The light-shielding pattern 16 that is upwardly 
and downwardly separated by the interlayer insulating 
film 17, the signal bus line pattern 9, and the lead elec- 
ts trode 1 2 form a black matrix. This light-shielding pattern 
16 has floating potential. Incidentally, materials for two 
metallic layers forming a black matrix are determined 
based on characteristics required in circuit design and 
process design, thus, the matrix does not always have 

50 lower reflectance in the upper layer. According to the 
circumstances, a high-reflectance metallic layer may be 
positioned closer to the incident side than a low-reflect- 
ance metallic layer. In this case, by selectively removing 
the pattern of the former overlaid on the pattern of the 

55 latter, it is preferred to provide the upper high-reflect- 
ance metallic layer so as not to cover the surface of the 
low-reflectance metallic layer. Thereby, it is possible to 
reduce the surface reflection on the black matrix. The 
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modification in Fig. 4 shows such a structure as an ex- 
ample. 

[0044] As described in the foregoing, in accordance 
with the present invention, when observed in plan view 
from the incident side, the exposing area of the low-re- 
flectance metallic layer is extended, while the exposing 
area of the high-reflectance metallic layer is reduced, so 
that the surface reflectance of the whole black matrix is 
reduced. Thereby, contrast deterioration caused by mul- 
tiple reflection in liquid crystal is effectively prevented. 
[0045] While the present invention has been de- 
scribed in conjunction with a preferred embodiments 
thereof, it is evident that many alternatives, modifica- 
tions and variations will be apparent to those skilled in 
the art. Accordingly, it is intended to embrace all such 
alternatives, modifications, and variations that fall within 
the spirit and broad scope of the appended claims. 



Claims 

1. A transmissive display device comprising: 

a first transparent substrate (2) disposed on the 
incident side for receiving incident light and 
having a counter electrode (5); 
a second transparent substrate (1) having pix- 
els (4) formed in a matrix and a black matrix for 
shielding, from the incident side, light from 
reaching the non-aperture parts of said pixels; 
and 

an electro-optical material (3) provided be- 
tween said first and second transparent sub- 
strates, 

said respective pixels each including a pixel 
electrode (6) and a switching device (7), character- 
ised in that 

said black matrix has an overlaid structure 
formed by overlaying a first reflection metallic layer 
(16M,16P) with first reflectance and a second re- 
flection metallic layer (9,11,12) with second reflect- 
ance higher than said first reflectance, with an in- 
sulating film (17) provided therebetween, both of 
which are formed such that they are patterned and 
partially overlap with each other as mutually com- 
plement to shield said incident light. 

2. A transmissive display device according to Claim 1 , 
wherein said first reflection metallic layer is posi- 
tioned closer to the incident side than said second 
reflection metallic layer, and the pattern of said first 
reflection metallic layer is extended over the pattern 
of said second reflection metallic layer. 

3. A transmissive display device according to Claim 2, 
wherein said first reflection metallic layer includes 
a light-shielding pattern positioned along the row di- 



rection of said pixels arranged in a matrix, while said 
second reflection metallic layer includes a wiring 
pattern positioned along the column direction. 

5 4. A transmissive display device according to Claim 3, 
wherein said first reflection metallic layer includes 
an extended light-shielding pattern having a floating 
potential, separated and isolated from said light- 
shielding pattern whose potential is fixed, and said 

10 extended light-shielding pattern is positioned above 
said wiring pattern. 

5. A transmissive display device according to Claim 1 , 
wherein said second reflection metallic layer is po- 

15 sitioned closer to the incident side than said first re- 
flection metallic layer, and the pattern of said sec- 
ond reflection metallic layer, overlaid on the pattern 
of said first reflection metallic layer, is selectively re- 
moved. 

20 

6. A transmissive display device according to Claim 1 , 
wherein said electro-optical material is liquid crys- 
tal. 

25 7. A transmissive display device according to Claim 1 , 
wherein said switching device is a thin film transis- 
tor. 

8. A transmissive display device according to Claim 1 , 
30 wherein said first reflection metallic layer comprise 

Ti. 

9. A transmissive display device according to Claim 8, 
wherein said second reflection metallic layer com- 

35 prise Al. 



Patentanspriiche 



einem ersten lichtdurchlassigen Substrat (2), 
das auf der Einfallseite angeordnet ist, urn auf- 
treffendes Licht zu empfangen, und eine Ge- 
45 genelektrode (5) besitzt; 

einem zweiten lichtdurchlassigen Substrat (1), 
das Pixel (4), die in einer Matrix ausgebildet 
sind, sowie eine schwarze Matrix, die verhin- 
dert, dass Licht von der Einfallsseite nicht offe- 
50 ne Abschnitte der Pixel erreicht, besitzt; und 

einem elektrooptischen Material (3), das zwi- 
schen dem ersten und dem zweiten lichtdurch- 
lassigen Substrat vorgesehen ist, 

55 wobei die jeweiligen Pixel jeweils eine Pixel- 

elektrode (6) und eine Schaltvorrichtung (7) enthal- 
ten, dadurch gekennzeichnet, dass 

die schwarze Matrix eine Uberlagerungs- 



40 1. Durchscheinende Anzeigevorrichtung, mit: 

einem ersten lichtdurchlassigen Subs' 
das auf der Einfallseite angeordnet ist, 
treffendes Licht zu empfangen, und e 

45 genelektrode (5) besitzt; 

einem zweiten lichtdurchlassigen Subs 
das Pixel (4), die in einer Matrix aus< 
sind, sowie eine schwarze Matrix, die 
dert, dass Licht von der Einfallsseite nic 

50 ne Abschnitte der Pixel erreicht, besitz 
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struktur besitzt, die gebildet ist durch Legen einer 
ersten reflektierenden metallischen Lage (16M, 
16P) mit erstem Reflexionsvermogen und einer 
zweiten reflektierenden metallischen Lage (9, 11, 
12) mit einem zweiten Reflexionsvermogen, das 
holier als das erste Reflexionsvermogen ist, auf die 
Matrix, wobei dazwischen ein Isolierfilm (1 7) vorge- 
sehen ist, wobei die beiden metallischen Lagen in 
der Weise gebildet sind, dass sie bemustert sind 
und teilweise uberlappen, urn sich bei der Abschir- 
mung des auftreffenden Lichts gegenseitig zu er- 
ganzen. 

2. Durchscheinende Anzeigevorrichtung nach An- 
spruch 1, bei der sich die erste reflektierende me- 
tallische Lage naher bei der Einfallsseite als die 
zweite reflektierende metallische Lage befindet und 
das Muster der ersten reflektierenden metallischen 
Lage uber das Muster der zweiten reflektierenden 
metallischen Lage ausgedehnt ist. 

3. Durchscheinende Anzeigevorrichtung nach An- 
spruch 2, bei der die erste reflektierende metalli- 
sche Lage ein Lichtabschirmungsmuster aufweist, 
das in Zeilenrichtung der matrixformig angeordne- 
ten Pixel angeordnet ist, wahrend die zweite reflek- 
tierende metallische Lage ein Verdrahtungsmuster 
aufweist, das in Spaltenrichtung angeordnet ist. 

4. Durchscheinende Anzeigevorrichtung nach An- 
spruch 3, bei der die erste reflektierende metalli- 
sche Lage ein ausgedehntes Lichtabschirmungs- 
muster mit einem schwebenden Potenzial enthalt, 
das von dem Lichtabschirmungsmuster, dessen 
Potenzial fest ist, getrennt und isoliert ist, und bei 
dem das ausgedehnte Lichtabschirmungsmuster 
uber dem Verdrahtungsmuster angeordnet ist. 

5. Durchscheinende Anzeigevorrichtung nach An- 
spruch 1, bei der die zweite reflektierende metalli- 
sche Lage naher bei der Einfallsseite als die erste 
reflektierende metallische Lage angeordnet ist und 
das Muster der zweiten reflektierenden metalli- 
schen Lage, die auf das Muster der ersten reflek- 
tierenden metallischen Lage gelegt ist, selektiv ent- 
fernt ist. 

6. Durchscheinende Anzeigevorrichtung nach An- 
spruch 1, bei der das elektrooptische Material ein 
Flussigkristall ist. 

7. Durchscheinende Anzeigevorrichtung nach An- 
spruch 1, bei der die Schaltvorrichtung ein Dunn- 
schichttransistor ist. 

8. Durchscheinende Anzeigevorrichtung nach An- 
spruch 1, bei der die erste reflektierende metalli- 
sche Lage Ti umfasst. 



9. Durchscheinende Anzeigevorrichtung nach An- 
spruch 8, bei der die zweite reflektierende metalli- 
sche Lage Al umfasst. 

5 

Revendications 

1 . Un dispositif d'affichage transmissif comprenant : 

10 un premier substrat transparent (2) dispose sur 

la face d'incidence afin de recevoir la lumiere 
incidente et ayant une electrode de compteur 
(5); 

un second substrat transparent (1) ayant des 
15 pixels (1 2) formes en une matrice et une matri- 

ce noire pour empecher, depuis la face d'inci- 
dence, la lumiere d'atteindre les parties non 
ouvertes desdits pixels ; et 
un materiau opto-electronique (3) fourni entre 
20 ledit premier substrat transparent et ledit se- 

cond substrat transparent, 

lesdits pixels respectifs comportant chacun 
une electrode de pixel (6) et un dispositif de com- 

25 mutation (7) , 

caracterise en ce que 
ladite matrice noire possede une structure su- 
perposee formee en superposant une premiere 
couche de reflexion metallique (1 6M, 1 6P) ayant un 

30 premier facteurde reflexion et une seconde couche 
de reflexion metallique (9,11,12) ayant second fac- 
teur de reflexion superieur au dit premier facteur de 
reflexion, avec un film isolant (1 7) place entre elles, 
les deux sont formees de sorte qu'elles soient struc- 

35 turees et partiellement superposees Tune sur I'autre 
comme complement mutuel pour faire ecran a ladite 
lumiere incidente. 

2. Un dispositif d'affichage transmissif selon la reven- 
ue dication 1, dans lequel ladite premiere couche de 

reflexion metallique est placee plus pres de la face 
d'incidence que ladite seconde couche de reflexion 
metallique, et la structure de ladite premiere couche 
de reflexion metallique s'etend au-dessus de la 
45 structure de ladite seconde couche de reflexion me- 
tallique. 

3. Un dispositif d'affichage transmissif selon la reven- 
dication 2, dans lequel ladite premiere couche de 

50 reflexion metallique comprend une structure faisant 
ecran a la lumiere placee dans le sens des rangees 
desdits pixels agences en une matrice, tandis que 
ladite seconde couche de reflexion metallique com- 
prend une structure de cablage placee dans le sens 

55 des colonnes. 

4. Un dispositif d'affichage transmissif selon la reven- 
dication 3, dans lequel la premiere couche de re- 
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flexion metallique comprend une structure etendue, 
faisant ecran a la lumiere, ayant un potentiel flot- 
tant, separee et isolee de ladite structure faisant 
ecran a la lumiere dont le potentiel est fixe, et ladite 
structure faisant ecran a la lumiere est placee au- 5 
dessus de ladite structure de cablage. 

5. Un dispositif d'affichage transmissif selon la reven- 
dication 1, dans lequel ladite seconde couche de 
reflexion metallique est placee plus pres de la face 10 
d'incidence que ladite premiere couche de reflexion 
metallique, et la structure de ladite seconde couche 

de reflexion metallique, superposee sur la structure 
de ladite premiere couche de reflexion metallique, 
est retiree de maniere selective. 15 

6. Un dispositif d'affichage transmissif selon la reven- 
dication 1 , dans lequel ledit materiel opto-electroni- 
que est un cristal liquide. 

20 

7. Un dispositif d'affichage transmissif selon la reven- 
dication 1 , dans lequel ledit dispositif de commuta- 
tion est un transistor a couche mince. 

8. Un dispositif d'affichage transmissif selon la reven- 25 
dication 1 , dans laquelle ladite premiere couche de 
reflexion metallique comprend du titane (Ti). 

9. Un dispositif d'affichage transmissif selon la reven- 
dication 8, dans lequel ladite seconde couche de 30 
reflexion metallique comprend de I'aluminium (Al). 
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FIG.2A 
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FIG. 5 
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